Ninety-two equine herpesvirus type 1 isolates were recovered from aborted, stillborn, or neonatal foals from Ontario, Canada, from 1986 to 1992. From this total, 32 strains were randomly chosen for further study. Four or 5 isolates from each winter were selected, each from a different premises, and characterized by restriction enzyme analysis using BamHI, KpnI, BglII, HindIII, and EcoRI. Additional isolates from 2 premises and from a zebra foal were also assessed. For the strains isolated in 1986 and 1989-1992, the DNA pattern of 18 strains was similar to that of type 1P (Kentucky D) for BamHI and KpnI. None of the 32 strains studied could be differentiated by HindIII or EcoRI. Using BglII, an inconsistent fragment pattern and distribution were observed. Of the 8 strains isolated in 1987 and 1988, 7 were assigned into the 1B prototype group. The geographic distribution of 17 type 1P and 12 1B isolates was random across southern Ontario. These findings suggest that both electropherotypes can be recovered from horses in Ontario. The patterns of the additional equine isolates from the same premises were identical. The zebra isolate was different from the prototype equine herpesvirus type 1 and type 4 patterns and from all other equine isolates. From the Department of Pathobiology, Ontario Veterinary Col-ing of cells and detachment from the monolayer were recovlege, University of Guelph, Guelph, ON N1G 2W1, Canada (Nagy, ered and identified in indirect fluorescent antibody assays Idamakanti), and the Ontario Ministry of Agriculture, Food and using polyclonal anti-EHV-1 (Kentucky D) serum prepared Rural Affairs, Veterinary Laboratory Services Branch, Box 3612, in this laboratory, mouse monoclonal anti-EHV-1, e and mouse Guelph, ON NlH 6R8, Canada (Carman).
Equine herpesvirus type 1 (EHV-1) causes contalated and regularly typed with monoclonal antibodies, gious viral abortion, acute upper respiratory tract intheir DNA patterns have never been examined. In this fections, and central nervous system disorders. 5 Equine study, 32 isolates recovered between 1986 and 1992 abortions due to herpesvirus infections have decreased from different parts of southern Ontario were analyzed since the implementation of vaccination. However, with 5 restriction endonucleases (BamHI, KpnI, BglII, 3.3% of the total abortions in Kentucky during 1988-HindIII, EcoRI), and the results were compared with 1989 were attributed to EHV-1. 8 The virus is frequentthose from the 1P and 1B electropherotypes. For 2 ly isolated in Canada as well. Epizootiologic studies of premises, strains were assessed temporally. The geoother herpesviruses, such as pseudorabies virus and graphic distribution of 29 strains was also determined. herpes simplex virus, have been based on the restriction enzyme fragment patterns of viral DNA. 6, 10 Although earlier studies 1 showed that the DNA fingerprints for EHV-1 are more uniform than those for other herpesviruses, recent reports from around the world (Japan, France, Australia, United Kingdom) have demonstrated using DNA techniques both similarities and variations among isolates. 4, 9, 14, 15 There are at least two major groups for EHV-1 based on electropherotype patterns, designated type 1P (Kentucky D) and lB. 2 The 1P genotype, the principal electropherotype recovered from aborted fetuses in Kentucky prior to
Materials and methods
Cells and viruses. Virus isolation was carried out as previously described. 7 Secondary equine kidney (EK) cells and an equine ovary (EO) cell line a were grown in minimal essential medium with Earle's salts b supplemented with 10% unheated irradiated fetal bovine serum c and 5% NuSerum. d For cell maintenance, the medium was supplemented with 2% heat inactivated irradiated sera.
Reference equine herpesvirus strains for DNA analysis were passaged in equine cells. Strains included both 1 P (Kentucky D) e and lB, e representative of the 2 genotypes of EHV-1, and EHV-4. a 1981, 5 was replaced with 1B as the dominant genotype Tissue suspensions from pooled multiple tissues collected from aborted fetuses in several vears after 1981. 3 from each animal were prepared in transport medium 7 with EHV-1 is an important cause of losses to the equine a Brinkman homogenizer, filtered, and stored at -70 C. Filindustry in Ontario, Canada. Although viruses are iso-trates were inoculated onto partially confluent EK or EO cells.
Cells were incubated at 37 C for 7 days and examined daily for cytopathic effect. Cytopathic agents that caused balloon- anti-rabbit f and goat anti-mouse f IgG antibodies. From the total of 92 EHV-1 isolates recovered for the period of 1986-1992, 4 or 5 strains were randomly selected from each year for DNA analysis. These isolates were from horses resident in different parts of southern Ontario. A zebra virus isolate was also included in this study. This EHV-1 isolate was recovered in 1989 from a lung-liver-spleen tissue pool of a 4-wk-old zebra foal that died with focal adrenal necrosis, lymphoid cell necrosis, and bronchointerstitial pneumonia. Intranuclear inclusions were present in bronchial and bronchiolar epithelium. All virus isolates are listed in Table 1 .
DNA analysis. EO cells were infected with the selected virus isolates and with the 1P and 1B reference strains for EHV-1 electropherotypes or with EHV-4. At 72 hr postin-fection, the extracellular virus was recovered by ultracentrifugation through a 30% sucrose cushion at 22,000 rpm in a Beckman SW28 rotor g for 1.5 hr at 4 C as previously described. 7 The resuspended virus was digested with a 500 µg/ ml final concentration of proteinase K h in the presence of 0.5% sodium dodecyl sulfate. The DNA was extracted with phenol-chloroform using established procedures. 12 The DNA precipitates were resuspended in TE buffer (10 mM Tris-HCl, 1 mM ethylenediaminetetraacetic acid, pH 8.0) and digested with 5 different restriction endonucleases following the manufacturer's recommendations i Electrophoresis was in 0.6% agarose gels in Tris-acetate buffer (pH 8.0) 12 with a 1-kb DNA ladder marker. i The gels were stained with ethidium bromide and photographed with black-and-white type 57 film. i
Results
In southern Ontario, 92 EHV-1 isolates were recovered from aborted, stillborn, or neonatal foals from 1986 to 1992. Thirty-two of these isolates (4 or 5 representatives for each year) were randomly chosen for further analysis by restriction fragment length polymorphism (RFLP), and their DNA patterns were compared with those of reference strains 1P (Kentucky D) and 1B. Figure 1 shows the DNA profiles for both reference EHV-1 strains after digestion with BamHI, KpnI, BglII, EcoRI, and HindIII restriction endonucleases. EcoRI and HindIII gave identical patterns (Fig. 1 , lanes D and E), whereas different patterns were obtained for the 1P and 1B strains with the other 3 enzymes. The KpnI enzyme digestion generated DNA fragments that showed up as well-separated, evenly distributed bands; the differences between the 2 strains were easy to discern ( Fig. 1, lanes B1 and B2) . The 1B reference strain has fragments of 7 kb and 7.3 kb, but the 1P (Kentucky D) strain has only 1 band at about 7 kb. The 1B type strain has 1 band of 5.5 kb. Around that size in the 1P strain profile, there is both a 5.5-kb band and an additional band at 5.9 kb. There are other differences between the 2 strains for the smaller fragments. The BamHI and BglII (Fig. 1, lanes A and C) digestions resulted in DNA profiles as reported earlier for these 2 strains. 3 DNA from the 32 EHV-1 isolates ( Table 1) representing the geographic and temporal distribution in southern Ontario was digested with BamHI, KpnI, and BglII. The patterns of DNA fragments produced by these enzymes are shown in Figs. 2-4, respectively. DNA from all isolates was also studied after digestions with HindIII and EcoRI; no differences were noted using these 2 enzymes (data not shown).
To determine whether a particular strain belonged to the 1P or 1B genotype, the presence or absence of bands at about 4 kb for BamHI, at about 7 kb and 5.5 kb for KpnI, and at about 4 kb for BglII was considered. The DNA pattern of 19 isolates was similar to that of 1P (Kentucky D), whereas the pattern for 12 isolates resembled that for 1B with BamHI digestion (Fig. 2) . After KpnI digestion, the same 19 isolates were similar to 1 P (Fig. 3 ). However, only 11 of 12 isolates identified as 1B using BamHI were typed as 1B using KpnI. Isolate 88-4 was incorrectly identified as 1P by the criteria used for interpretation of DNA fragment profiles generated with KpnI. The majority of the isolates studied (20 of 32) could not be characterized by their BglII pattern ( Fig. 4 ). Of the remaining 12 strains, 11 were designated as the 1P electropherotype based on the single band at about 4 kb. Table 1 summarizes the electropherotypes of EHV-1 isolates from Ontario based on digestion profiles of BamHI, KpnI, and BglII.
The DNA patterns produced by BamHI, KpnI, and BglII for the zebra strain (89-4, Table 1 ) were quite different from those of all other viruses and were unlike those of 1P or 1B. The viral DNA was subsequently also compared with that of EHV-4, but no similarities were noted (data not shown).
Isolates 90-1 and 90-2 originated from the same premises but from different animals, as did isolates 86-4, 91-3, and 91-4. Their DNA patterns looked very similar for all three enzymes, with the 90-1 and 90-2 isolates resembling type 1B, and 86-4, 91-3, and 91-4 resembling type 1P.
For strains isolated in 1986 and between 1989 and 1992, the DNA pattern of 18 viruses was similar to that of 1P, but for the viruses from 1987-1988, 7 of 8 isolates showed DNA patterns similar to that of 1B. Figure 5 shows the geographic distribution of 29 EHV-1 isolates in southern Ontario with electropherotypes most similar to those of 1P or 1B.
Discussion
Comparison of 32 EHV-1 isolates by RFLP revealed that both genotypes 1P (Kentucky D) and 1B exist in southern Ontario. In addition to the widely used BamHI enzyme 14, 16 for RFLP studies, KpnI was also useful for differentiating all but 1 EHV-1 isolate. Although a number of similar studies 9,14 have utilized BglII successfully, in the present work the BglII digestion gave ambiguous results regarding 1P and 1B designation for 21 of the 32 isolates studied. HindIII and EcoRI digestions of viral DNA resulted in identical patterns. Based on the BamHI and KpnI fragment distributions, 19 of 32 isolates (59.4%) were similar to 1P, and 12 of 32 (37.5%) were similar to 1B.
The zebra strain was also identified as EHV-1 by monoclonal antibodies. However, the DNA profiles of the zebra isolate for all restriction enzymes were different from the characteristic EHV-1 and EHV-4 patterns, as has been noted for a previously studied zebra isolate. 15 This result is not surprising; experimental in vitro passage of the virus in heterologous cells or experimental in vivo adaptation of virus to growth in hamsters produces altered DNA profiles. 2, 13 The first occurrence of EHV-1 1B type was reported in the early 1970s in Kentucky. 3 All 5 Ontario isolates from 1986 had the IP electropherotype. In 1987-1988, the predominant electropherotype became 1B but then shifted back to 1P in 1989. These findings suggest that both pherotypes can be recovered from horses in Ontario.
Studies of the molecular epidemiology of EHV-1 in Australasia have found that the 1P type was the most common cause of abortion. 14 The 1B type also was recovered from a farm in 1982, but the way of introduction was not discussed. 14 Introduction of the 1B genotype into Ontario could be explained by the geographical proximity of Ontario to the USA and the regular movement of horses across the border. A comparison of EHV-1 strains isolated over 8 years in France 16 showed that there was considerable homogeneity among isolates for BamHI but that PstI allowed a more precise epidemiologic study. The presence or absence of strains with the 1B electropherotype was not discussed. 16 Very recently, a polymerase chain reaction (PCR) technique has been developed to detect genetic variation among EHV-1 isolates 11 as an aid to epidemiologic investigations in Great Britain. The PCR results does not correspond to the 1P and 1B groups. The geographic location of the Ontario farms from where the isolations were taken during the 7 years in- eluded in this study did not reveal any clusters of the 1P or 1B types. Both electropherotypes were randomly distributed, again reflecting the free movement of horses between Ontario and the USA and within Ontario.
